We discuss the kinematical and dynamical conditions necessary for probing highly elusive threenucleon short range correlations (3N-SRCs) in nuclei through inclusive electron scattering. The kinematic requirements that should be satisfied in order to isolate 3N-SRCs in inclusive processes are derived. We demonstrate that the sequence of two short-range NN interactions represents the main mechanism. Within this mechanism we predict a quadratic dependence of the inclusive cross section ratios of nuclei to 3 He in the 3N-SRC region to the same ratio measured in 2N-SRC domain.
I. INTRODUCTION
During the last decade there have been intensive studies of two-nucleon short range correlations (SRCs) in nuclei utilizing large energy transfer nuclear reactions involving both electron [1] [2] [3] [4] [5] [6] and proton [7, 8] probes. Experiments on inclusive electron scattering [1, 2, 5] in which only the scattered electron was detected, established the existence of scaling properties associated with 2N-SRCs confirming the observation [9] based on the analysis of SLAC data [10] [11] [12] [13] [14] [15] . From these experiments a 2 (A, Z), describing the probability of finding 2N-SRC in a given nucleus relative to the deuteron, was extracted. The analysis of A(p, 2p)X data yielded similar estimates for a 2 (A, Z) for proton induced reactions [16] . Moreover, the strength of 2N-SRCs found in these analyses agreed with the one obtained from fast backward nucleon production in high energy inclusive p(γ) − A scattering [17] . The consistency among these diverse measurements of the 2N-SRC strength supports the notion that a genuine property of the nuclear ground state wave function has been probed.
The extension of 2N-SRC studies to semi-inclusive processes [3, 4, 7, 8, [18] [19] [20] in which, in addition to the scattered probe, the struck and recoil nucleons from 2N-SRCs have been detected, discovered the strong (a factor of 20) dominance of pn SRCs as compared to pp and nn SRCs in the internal momentum range of 300 − 650 MeV/c. The pn excess is understood [21, 22] when considering the dominance of the tensor interaction at inter-nucleon distances of 0.8 − 1.2 fm and which supports the notion of the commanding role of 2N-SRCs in the high momentum component of the nuclear wave function.
The experimental focus on 2N-SRCs stimulated extensive theoretical efforts (see e.g.
Refs. [17, [23] [24] [25] [26] [27] ) to calculate the multitude of nuclear quantities entering into the cross sections of inclusive and semi-inclusive electron nuclear scattering. Such quantities are the nuclear spectral and decay functions which were calculated based on the 2N-SRC model of the high momentum component of the nuclear ground state wave function.
A question which naturally arises is what is the structure of nuclear wave function at even larger internal momenta of the bound nucleons (> 650 MeV/c). One of the important issues in this regard is the possible formation of 3N-SRCs. Understanding the strength and dynamics of 3N-SRCs is essential to advance our knowledge of super-dense nuclear matter.
In most realistic models of the nuclear equation of state 3N-SRCs play an increasingly important role above saturation densities.
Experimental evidence for 3N-SRCs is very limited. One of the main obstacles in isolating and probing 3N-SRCs is that they have a much reduced probability compared to 2N-SRCs. As follows from the analysis of Lippmann-Schwinger type equations for nuclear bound states [28, 29] , it is likely that 2N-SRCs dominate the momentum distribution for momenta larger than those characteristic of 2N-SRCs. Thus the study of 3N-SRCs require consideration of other variables than just the momentum of the bound nucleon. One such parameter is α [17] which is the light-cone (LC) momentum fraction of nucleus carried by the bound nucleon. In collider kinematics α is equal to the ratio of the nucleon longitudinal momentum to the nucleus momentum, scaled by A; such that in the case of equal partition of the nuclear momentum, α = 1. The condition that α > 2 requires at least three nucleons to be in close proximity in order for a single nucleon to carry more than two nucleon's momentum fraction. An early analysis of few nucleon SRCs [17] in the backward production of protons with momenta 0.3 < p < 1.5 GeV/c indicated that the scattering off 3N-SRCs begins to dominate the 2N-SRC contribution by α 1.6, which we consider as a kinematic threshold for isolating 3N-SRCs.
In inclusive A(e,e')X reactions it is expected that the dominance of 3N-SRCs will be revealed by the onset of another plateau in the ratios of per-nucleon cross sections from different nuclei with A ≥ 3. However observation of such a plateau remains elusive. While one of the first attempts to isolate 3N-SRC at Bjorken x > 2 observed a possible plateau [2] , subsequent measurements of the ratio 3σ 4 He 4σ 3 He did not reveal plateau in the x > 2 region [5] .
The recent measurement [30] of the inclusive cross section ratios of 4 He to 3 He nuclei at x > 2 and 1.5 < Q 2 < 1.9 GeV 2 are largely in agreement with Ref. [5] in that no plateau was observed. This situation corroborated the suggestion [31] that poor momentum resolution for the scattered electrons in the experiment of Ref. [2] allowed events to migrate from smaller to larger x bins and was responsible for the appearance of the plateau at x > 2.
In the current paper we present the results of the new analysis of the experimental data of
Ref. [5, 32] based on the theoretical framework of the high energy electron scattering in lightfront dynamics. In Sec. II we elaborate on the kinematics of 3N-SRCs using the variable α that characterizes the light-front momentum fraction of the nucleus carried by the bound nucleon. By analyzing the decay function of the 3 He nucleus we identify the dominating mechanism of 3N-SRCs in inclusive eA scattering and within this picture calculate the LC momentum fraction, α 3N corresponding to the scattering from a nucleon in 3N-SRC.
This variable allows us to identify the the kinematics most optimal for probing 3N-SRCs in inclusive scattering. Sec. III discusses the dynamical origin of 3N-SRCs. Based on the model in which 3N-SRCs are generated through the two successive pn short range interactions it is predicted that the light-front nuclear density matrix which enters in A(e, e )X cross section is proportional to the convolution of two pn-SRC density functions. In Sec. IV final state interactions in inclusive processes are considered as a potential source of destroying or mimicking 3N-SRCs. Here we employ the important property of high energy small angle scattering according to which the quantity α is approximately conserved in rescattering
processes. An experimental observable of 3N-SRCs in A(e, e )X reactions is presented in Sec. V, where we also derive a quadratic relation between the ratios of inclusive cross sections measured in the 3N-and 2N-SRC regions. Sec. VI presents the new analysis of the existing inclusive data in light of the theoretical considerations presented in the previous sections.
In Sec. VII we summarize our results and give an outlook on perspectives for unambiguous verification and probing of 3N SRCs.
II. DEFINITION OF 2N AND 3N SRCS
In a non-relativistic formulation we define a nucleon to be in a 2N SRC pair if its momentum exceeds the characteristic nuclear Fermi momentum, (k F ∼ 250 MeV/c) and is almost completely balanced by the momentum of the correlated nucleon in the pair. In the light-front representation the condition is that LC momentum fractions of the correlated nucleons α 1 and α 2 satisfy conditions: α i ≥ 1.3 or α i ≤ 0.7 for i = 1, 2 and α 1 + α 2 ≈ 2.
For the nucleon in a 3N SRC we assume again, that its momentum significantly exceeds k F , but in this case this momentum is balanced by two correlated nucleons each with momenta exceeding k F . As in the case of 2N SRC the center of mass momentum of the 3N SRC is small, p cm ≤ k F . The description of 3N-SRCs in the LF representation corresponds to the situation in which α i ≥ 1.3 or α i ≤ 0.7 for i = 1, 2, 3 and α 1 + α 2 + α 3 ≈ 3. In principle some 3N correlations may correspond to the kinematics where only say α 1 is large while two other nucleons have larger transverse momenta. We do not discuss here such correlations since they contribute very little to A(e, e )X reactions.
The complete nuclear wave function should incorporate components related to 2N-and 3N-SRCs. However, the calculation of a wave function from first principles is currently impossible due to a poor understanding of strong interaction dynamics at short internucleon distances. Relativistic effects that become increasingly important at large momenta of nucleons involved in short range correlations are also an impediment.
In this respect the progress can be achieved by experimental studies of 3N-SRCs which are currently becoming more accessible with 12 GeV energy upgrade of Jefferson Lab. One way of addressing the problem of experimentally isolating 3N-SRCs is a proper identification of the variables that can unambiguously discriminate 3N-from 2N-SRCs. As was mentioned in the introduction, the relevant variable is the light-cone momentum fraction of the nucleus carried by the interacting bound nucleon, α, first suggested in Ref. [17, 33] . The α variable, in the reference frame in which nucleus has a large momentum in −z direction, is defined as [51] :
where (E A , k A,z ) and (E N , k N,z ) are the energy and longitudinal momentum of the nucleus and bound nucleon respectively in the noncovariant LF nuclear wave function.
Due to the short-range nature of nuclear forces it was suggested in Ref. [17] that the condition of
will ensure the scattering from (j × N )-SRC from the nucleus. The fact that the probability of j-nucleon SRC in finite nuclei is ∼ ( r N N r AV ) 3(j−1) with correlation length r N N r AV , where r AV is the average internucleon distance, suggests that the transition from j to the j + 1 SRC should occur at somewhat smaller α j [17] .
A.
2N SRCs
In 1993, guided by Eq. (2), we studied the possibility of exposing 2N-SRCs in high Q 2 inclusive A(e, e )X reactions [9] by identifying the relevant light-cone momentum fraction α 2N for inclusive processes as:
where q − = q 0 − |q| and W 
is the Bjorken variable. Additionally, in the limit of large Q 2 , α 2N ≈ x, and the variable x can replace α 2N for identification of 2N SRCs in the large Q 2 limit.
One of the important advantages of the LF treatment is that the cross section of inclusive scattering can be factorized into the electron-bound nucleon scattering cross section, σ eN and light cone density matrix, ρ A (α 2N ), in the following form [17, 34] :
Note that within a non-relativistic framework no such simple factorization exists and the inclusive cross section is expressed through the p m,⊥ and E m integral of the convolution of σ eN and the nuclear spectral function, S A (p m , E m ) (see e.g. Ref. [34, 35] ). The theoretical justification for the factorization in Eq. (4) in the high Q 2 limit, is based on the validity of the closure approximation over the "plus"-component, p + , of the 4-momentum of the bound nucleon in LF formalism (see e.g. Ref. [34] ). The p + -component in the LF formalism is analogous to the missing energy E m and in the calculation of σ eN is estimated at the average point, corresponding to the 2N-SRC at rest,
. Based on Eqs. (4) and (2) we predicted [9] that due to the dominance of 2N-SRC dynamics, the per-nucleon ratios of inclusive cross sections of nuclei and the deuteron:
should scale with α 2N for 1.3 < α 2N < 2 and Q 2 > 1.5 GeV 2 , with the parameter a 2 (A, Z)
representing the probability of finding a 2N-SRC in nucleus A relative to the deuteron.
Here, the lower limit of α 2N corresponds to the scattering off a bound nucleon with average momentum of p 0.3 GeV/c.
The analysis of the available data [9] at that time from large Q 2 inclusive experiments at SLAC was in agreement with the prediction of the scaling in Eq. To determine which of these 3N SRC configurations will dominate in inclusive scattering it is instructive to consider the decay function for a three-body nucleus at large values of missing and recoil momenta, noticing that the integrated decay function enters in the cross section for inclusive scattering. The decay function has been calculated in Ref. [21, 36] for 3 He nucleus using a realistic wave function based on the solution of the Faddeev equations [37] and one of the results relevant for 3N-SRCs is presented in Fig. 2 . In the figure a correlation between the relative angle of two recoil nucleons, θ 23 and missing energy E m is presented for p m ≥ 700 MeV/c and p r2 , p r3 > k F . As the figure shows the type 3N-I SRC provides the dominant contribution to the decay function at small missing energies, E m ∼ Since the integrated decay function, which enters in the inclusive cross section, is dominated by smaller values of E m , it is natural to assume based on the above discussion it is natural to assume that the type 3N-I SRC represents the main configuration contributing to the inclusive cross section. With this assumption one can identify the kinematics at which 3N-SRCs can be isolated in inclusive scattering. Introducing mass m S and momentum p S for the two nucleon recoil system of type 3N-I SRC ( Fig.1(a) ) for quasielastic scattering from 3N-SRC we consider the energy-momentum conservation in the form:
Here q is the four momentum transfer and p f is the final 4-momentum of the struck nucleon in the 3N SRC. Using the boost invariance of the light-cone momentum fractions, for the spectator system in the γ − 3N center of mass frame we define the ratio:
where W 3N is the invariant mass produced from the interaction with 3N system:
In the RHS of Eq. (7) we neglected the transverse momentum of the spectator NN system which is integrated over in inclusive reactions. This is justified since the inclusive cross section is dominated by kinematics in which p S,⊥ p S,z . Furthermore E cm S and p cm S can be calculated through W 3N using the relation:
where m S is defined as:
with k ⊥ representing the transverse component of the relative momentum of the spectator nucleons with respect to p S . β is the light-cone momentum fraction of p S carried by one of the spectator nucleons and is normalized to be 0 ≤ β ≤ 2.
Eq. (7) can be used to estimate the light-cone momentum fraction of the nucleon in a 3N-SRC by observing that α 3N = 3 − α S , where α S = 3
where we again exploit the boost invariance of the ratio of
This results in the following expression for the light-cone momentum fraction of the nucleon in 3N-SRCs: Using this equation and the expectation that 3N-SRCs will dominate in the light-cone momentum distribution of the nucleon in nuclei at α 3N > 1.6, we can identify the kinematical conditions for x and Q 2 for which the inclusive cross section is dominated by scattering from a nucleon in a 3N SRC. For this one also needs an estimate of m S according to Eq.(10). We note that for inclusive A(e, e )X scattering the cross section is defined by the nuclear light-cone density matrix in which one integrates over the range of the two-nucleon spectator system masses m S ≥ 2m N . This integral however is dominated by β ∼ 1 with the recoil nucleon's momentum, k relative to p S not exceeding nuclear Fermi momentum, k F ≈ 250 MeV/c (see e.g. Ref. [21] ). Hence for numerical estimates we consider two values: for k = 0 and k = 250 MeV/c.
With these considerations and Eq. (12) we can identify the most favorable domain in x and Q 2 in which to search for 3N-SRCs in inclusive A(e, e )X reactions. In Fig.3(a) we present the α 3N -x relation for different values of Q 2 . The solid and dashed curves correspond to the spectator mass, m S calculated according to Eq.(10) with k = 0 and k = 250 MeV/c. Figure 3 shows that at Q 2 = 3 GeV 2 there exists a finite kinematic range with α 3N ≥ 1.6 where one expects the onset of the 3N-SRC dominance. In addition, starting with Q 2 ≥ 5 GeV 2 the onset of 3N-SRCs is practically insensitive to the recoil mass of the spectator system, m S .
As it follows from the figure, for Q 2 = 3 and 5 GeV 2 the magnitudes of x 2.2 and x 2 respectively are necessary to probe α 3N > 1.6. Furthermore, using the relation,
we can calculate the longitudinal component of the initial momentum of the struck nucleon, p z , which is the minimal possible momentum of the nucleon in 3N-SRC. According to the 3N-SRC scenario this momentum is equal and opposite to the center of mass momentum of the recoil two-nucleon system. It is worth mentioning that this momentum does not appear directly in the argument of the light-front nuclear wave function but enters through the nonlinear relation of Eq. (13) . Nonetheless it gives an estimate of the nuclear momenta to be reached in a fixed target experiment aimed at probing 3N SRCs. Fig.3(b) shows the dependence of |p z | on α 3N with the arrows indicating the maximum possible α 3N 's that can be probed at given values of Q 2 . One observes from the plot that the characteristic momenta of the struck nucleon in the 3N SRCs for α 3N ≥ 1.6 is p z 700 MeV/c.
III. DYNAMICS OF THE 3N SRCS
In light of the recent observation of strong dominance of the pn component in 2N-SRCs [4, 18, 19] within the momentum range of 250 − 650MeV/c and the assertion (discussed above)
that type 3N-I SRCs are dominating in inclusive scattering at α > 1.6 and | p z | 0.7 GeV/c one expects that the main mechanism for generation of 3N-SRCs is due to successive pn short range interactions [17, 26, 38] with the mass of the spectator 2N system tending to density matrix according to diagrams similar to Fig. 4 yields [26] :
where ( and therefore the per nucleon probability of finding a nucleon in a 3N-SRC, a 3N , should be proportional to the square of the probabilities of 2N SRCs, a 2N , (actual relation will be given in Sec.V):
Another feature follows from the expectation that the mass of the recoil 2N system, m S , in 3N-SRC is small, which results in a small relative momentum in the recoil NN system,
. The condition k m N and the fact that iso-triplet two-nucleon states with low relative momentum are strongly suppressed compared to the iso-singlet states [21] produces a strong sensitivity of the 3N-SRCs on the isospin structure of NN recoil system. Namely, the dominant 3N-SRC configurations are those which have a recoil two nucleons in the iso-singlet state. This situation is illustrated in Fig. 5 where the high momentum distributions of proton and neutron in 3 He, calculated in Variational Monte Carlo (VMC)
approach [39] , is compared with the calculation based on the 2N and 3N SRC model of Ref. [26] , the latter being based on Eq. (14) . Fig. 5 shows the 2N-SRC model completely three-nucleon forces irreducible to NN interactions. As it was discussed in Sec.II one expects that type 3N-I SRCs will be the dominant source of 3N correlations in inclusive reactions.
Probing type 3N-II SRCs will require semi-inclusive processes in which the recoil two-nucleon system has a large invariant mass.
IV. FINAL STATE INTERACTIONS
Final state interactions (FSI) can both distort and mimic 3N SRCs. The source of the distortion is mainly due to multiple rescattering of nucleons from 3N SRCs with the nucleons belonging to the "uncorrelated" spectator (A-3) system. An example presented in Fig.6(a) in which a nucleon struck from a 3N-SRC rescatters off the uncorrelated nucleons from FSIs that can in principle mimic 3N-SRCs are diagrammatically presented in Fig.6 (b) and (c). In the case of (b) an uncorrelated nucleon in the mean field with initial LC momentum fraction, α N ≈ 1, is struck and two successive rescatterings may increase the momentum faction to α N 1.6, making it to appear as a nucleon from 3N-SRC. In the case of (c) a nucleon struck out of 2N-SRC where the characteristic momentum fraction is 1.3 ≤ α N ≤ 1.5
and FSI could shift it again to the α N 1.6 region. An important feature that suppresses the migration of α N into the 3N-SRC region is the approximate conservation of the LC momentum fraction in high energy (eikonal) regime of small angle rescattering [34, 35] . In this case the non-conservation of α N is estimated [34, 35] :
where E R = m In Fig. 7 we present the Q 2 dependence of the non-conservation of α for 2 ≤ x ≤ 2.9.
The estimates are made for p = 1 GeV/c and m S = 2m N . It follows from the figure that for Finally, the other FSI effects follow from the rescattering within a 3N-SRC as shown in Fig.6 (d) . In this case one expects a modification of the p ⊥ distribution in the 3N SRCs.
However the important feature of high energy small angle re-scattering, discussed above, is that while FSI redistributes transverse momenta, it leaves the α distribution almost intact (see also Ref. [40] ). As a result the measured inclusive cross section in the 3N-SRC domain can be presented in the factorized form similar to the 2N-SRC case (Eq.(4):
where
is weakly modified due to FSI, even if the p ⊥ distribution of the unintegrated nuclear density matrix, ρ N A (α, p ⊥ ) is distorted by the FSI [40] .
In the discussion above we focused only on the part of the FSI which corresponds to the pole contribution from the struck nucleon propagator, representing the on-shell propagation of the fast nucleon in the final state. Another contribution to FSI comes from the non-pole term of the FSI amplitude in which case the struck nucleon is highly virtual. There are two main sources of the suppression of the off-shell FSI contribution. First, the off-shell FSI contribution is proportional to the square of the real part of the N N scattering amplitude which is, smaller by an order of magnitude, than the imaginary part (see e.g. [41, 42] ).
Second, due to the large virtuality of the fast nucleon the off-shell N N rescattering amplitude is strongly suppressed [43] . There is also an empirical evidence from the studies of 2N-SRCs that off-shell rescattering amplitudes are negligible [9] .
V. OBSERVABLES FOR 3N SRCS
The experimental observation of 3N-SRCs is challenging for many reasons. As Fig. 5 shows, that simply extracting the momentum distribution at 700 MeV/c will not allow the isolation of 3N-SRCs due to substantial 2N-SRC contribution. Furthermore, the 3N-SRC contribution decreases faster with an increase of momentum than the 2N-SRC contribution.
Overall, the bound nucleon momentum is not a good parameter with which to explore 3N-SRCs. The more natural parameter, as it was discussed in the text, is the light cone momentum fraction α N for which according to Eq.(2) the condition α N 2 will completely isolate 3N-SRCs with the transition region expected to start at α N 1.6.
Moreover, according to Eq.(17) the cross section of inclusive reaction factorizes in the form of the product of electron -nucleon cross section and the p ⊥ integrated light-front density matrix, ρ A (α 3N ). This, suggests as an observable for 3N SRCs the ratio of inclusive
A(e, e )X cross sections for nuclei A 2 and A 1 in the region of α 3N ≥ α 0 3N and Q 2 > 3 GeV 2 :
In this case α 0 3N (expected to be ∼ 1.6) should be defined from the observation of the onset of a plateau in the α 3N dependence of the ratio R A 1 (A 2 ).
The observation of a plateau assumes also that α 3N is insensitive to the recoil mass of the spectator 2N system, m S , over which the cross section of the inclusive scattering is integrated.
This imposes an additional condition for the observation of scaling. As Fig. 8 shows this insensitivity is largely achieved for Q 2 ≥ 5 GeV 2 kinematics. However the expectation that the integral over the recoil mass will saturate in the range of 2m N ≤ m S ≤ 2 GeV [21] indicates a possibility of an early onset of the plateau already at Q 2 = 3 GeV 2 . In the region of α 3N < α 0 3N at not very large Q 2 (≤ 3 GeV 2 ) one expects an existence of pre-asymptotic domain where the ratios (19) are not constant as a function of α 3N but are largely Q 2 independent for fixed α 3N . This is mainly due to the factorization of the inclusive cross section in the form of Eq. (17) . Such a behavior would be analogous to the pattern observed for α 2N dependence of the ratio (5) at α 2N < 1.3 [9] . This analogy is reinforced in Fig. 9 where one observes that α 2N and α 3N are nearly identical for x < 1.6.
To connect the ratio R A 1 (A 2 ), defined in Eq. (19), with theoretical calculations of nuclear density function we introduce parameter a 3 (A, Z) characterizing the probability of 3N SRCs for nearly symmetric nuclei as follows:
This parameter can be related to the ratio R 3 (A, Z) which is defined in Eq. the parameter a 3 (A, Z) as follows:
Thus, a measurement of the ratio R 3 (A, Z) will allow an extraction of the parameter a 3 (A, Z)
which can be used for verification of the theoretical models of 3N SRCs.
Based on the above definitions we can also formulate an experimental observable which will allow to verify the prediction of Eq. (15) . For this, we notice that for type 3N-I SRC ( Fig.1(a) ) the calculation of nuclear density function [26] (Eq.(14) yields:
where a p 2 and a n 2 are per-nucleon probabilities of finding proton or neutron in 2N SRC. One can relate these parameters to the parameter a 2 (A, Z) of Eq.(5) using the estimate of high momentum part of the proton and neutron distributions in nuclei within the pn-dominance model in the form [20] :
is the relative fraction of the protons or neutrons and n d (p) is the high momentum distribution of the deuteron. According to Eq.(23) one estimates:
where a 2 ( 3 He) is defined according to Eq.(5).
Using above estimates together with Eq. (22) in Eq.(21) one obtains:
where in the last part of the equation we used the fact that the variables α 2N and α 3N
have nearly same magnitudes in the 2N-SRC region (see in Fig.(9) ) to relate the ratios of a 2 parameters to experimentally measured ratio:
In the following section we will analyze experimental data at Q 2 ∼ 3 GeV 2 for which σ ep ≈ 3σ en . This, according to Eq.(25) yields:
Equations (25) and (27) present a remarkable prediction, that the ratios of inclusive nuclear cross sections (R 2 and R 3 ) measured at different domains of α 3N will be related by simple quadratic relation if the scattering in the α 3N > α 0 3N region probes type 3N-I SRCs.
VI. EXPERIMENTAL EVIDENCE FOR 3N SRCS
Conclusive evidence for two-nucleon SRCs first appeared [9] in 1993 from the analysis of data from different experiments at SLAC. The SLAC data sets for light nuclei did not share common kinematics with the data for heavy nuclei [44] and it was necessary, after rebinning into common x-bins, to interpolate the deuteron data across Q 2 to form the ratios of inclusive cross sections for nuclei A and the deuteron ( [5] . There is no correction for center-or-mass effects in a 2 (A) evaluated in Ref. [5] .
The data available to study 3N-SRCs are sorely limited. Hall A are at the lower limit of the range of Q 2 necessary to study 3N correlations and the same is true for a fraction of the data from CLAS. The reliability of the observed scaling in the x > 2 region for CLAS data was questioned in Ref. [31] which observed that the modest momentum resolution of the CLAS detector in Hall B allows, when the cross sections are falling steeply with x, bin migration in which events in a reconstructed x-bin originated in a lower x-bin. To get a sense for paucity of the data, we show in Fig. 11 the kinematic extent of all published 3 He data cited above as a scatter plot of Q 2 and x (top) and Q 2 and α 3N
(bottom). As it can be seen only a small fraction of the data satisfy the necessary condition of Q Experiment E02-109 [45] was developed with the goal, in part, to provide precision ratios, in the 2N-SRC region, at large momentum transfer for a wide range of nuclei. The ratios,
75 GeV 2 indicated scaling patterns expected for 2N-SRC region [5] . The height of the plateaus at x > 1.5 scale approximately with A[5] (see Fig. 10 ) and have been related to the parameter a 2 (A, Z) (Eq. 5) characterizing the probability of finding 2N- SRCs in nucleus A relative to the deuteron. Data, of lesser quality, exists in the 3N-SRC region yet, as will be shown, contains compelling evidence for the existence of 3N-SRC's.
As discussed earlier we anticipate that 3N-SRCs will, in our model, manifest themselves as a plateau in the ratios beginning at α 3N 1.6 once Q 2 is sufficiently high. Except where explicitly indicated our analysis of [5] is limited to the data taken at 18
• . The Q 2 there is 2.5 (GeV/c) 2 at the quasielastic peak, growing to Q 2 3 (GeV/c) 2 at x = 2.9.
JLab E02-019 data was provided in common x-bins and forming the ratios to 3 He is straightforward though some difficulties arise at extreme x values of the data. In the set available to us for this analysis [46] , the 3 He data suffers from a collapse of the cross section between x = 2.68 and x = 2.85. To be specific, there are three bins at large x with negative cross sections interlaced with others that were consistent with zero with large relative errors.
Obviously this 'feature' make the construction of ratios, σ A /σ3 He · 3/A, problematic. After To strengthen our confidence in the data set's integrity we performed a y-scaling analysis [47, 48] of the E02-019 data and found it to be in good agreement with the SLAC data [12, 15] from y = 0 (top of the quasielastic peak) to y −1 (GeV/c). In Fig. 12 we plot the scaling function E12-06-105 [49] .
In Fig. 13 we check the factorization implicit in Eq. (17) by comparing the x and α 3N dependence of σ A /σ3 He · 3/A for all available Q 2 from Refs. [5, 32] for A = 12. As the comparison shows the Q 2 spread of the data is significantly reduced once the ratios are evaluated in terms of α 3N which absorbs part of the Q 2 dependence. The plateau in the region 1.3 < α 3N < 1.5 manifests the dominance of 2N-SRCs corresponding, here, to internal nucleon momenta in the range of 300−600 MeV/c. The plateaus arising from 2N-SRCs in the ratios as a function of α 3N can be seen as following from the fact (see Fig. 9 ) that numerically α 2N and α 3N have small differences at Q 2 > 2 GeV 2 and x < 1.8. The observation of 2N-SRCs in terms of α 3N is important for verifying the conjecture (Eq. 27)) that a plateau, if observed, in the 3N-SRC region should be proportional to (
In Figs. 14 and Fig. 15 one finds the ratio of cross sections, in the 2N-SRC regions and the prediction R 3 = R 2 2 in the 3N region, 1.6 < α 3N < 1.8. See Eq. 27. error we ascribe to the prediction of Eq. (27) . We arrive at this conservative estimate for the error from the spread in a 2 (A)'s, approaching 5% at large A [50] and expectations that meanfield and 2N-SRC will contribute to the 3N-SRC region due to FSI effects. Additionally on expects finite effects due to ppp and nnn correlations which are neglected in the relation of Eq. (27) . [50] . N.B. In the top and bottom panels 3 He and
As can be seen from these figures the data are in reasonable agreement with the prediction of Eq. (27) . The same prediction also explains the larger magnitude of the ratios observed at α 3N > 1.6 as compared to the same ratios in the 2N SRC region 1.3 < α 3N < 1.5. should be compared to R 2 2 as is done in Fig. 16 To obtain more quantitative estimates, in the top panel of Fig. 16 we compare the prediction of Eq. 27 with the weighted average of the R 3 data measured in 1.6 < α 3N < 1.8 region.
As can been see the predictions and the data are in good agreement. We acknowledge that our prediction is systematically underestimates the weighted average R 3 and that the difference grows with A. We attribute this mainly to the omission of ppp and nnn contributions in the prediction of Eq. 27. Such a contribution is expected to grow with A.
It is worth nothing that the A dependence of weighted average of R 3 shows features similar to that of a 2 . For this, in the bottom panel of Fig. 16 we present the experimental values for a 2 = 2σ A Aσ 2 collected in Ref. [50] . As one observes from the comparison of these two figures, the magnitudes of R 3 for 9 Be and 4 He are much closer than that of 9 Be and 12 C. The same feature is observed for a 2 (A, Z) which is attributed to the fact that a 2 (A, Z) presents a local (rather than average) property of the nucleus [50] . Thus the A-dependencies, in addition to the R 3 ≈ R 2 2 relation, strengthens our conclusion that these data indicate the presence of 3N-SRC in nuclei that characterize their local property.
Finally, using Eq.(21) one can extract the a 3 (A, Z) parameters from the weighted aver-ages of R exp 3 (A, Z) presented in Fig.16 . These together with the magnitudes of R exp 3 , R exp 2 -weighted average of the ratio (26), R 2 -estimated through the RHS part of Eq.(26) using the a 2 data of Ref. [50] and the a 2 parmeters themselves are given in Table. I.
Comparison of a 2 and a 3 parameters in the table indicate much steeper dependence of a 3 on nuclear mass number A which is indicative of the stronger dependence of 3N-SRCs on local nuclear density.
VII. SUMMARY AND OUTLOOK
We determined the kinematic conditions for isolating 3N SRCs in inclusive A(e, e )X reaction at large x. Based on the analysis of short range structure of 3 He nuclei we expect that the dominant mechanism of 3N SRCs in inclusive processes is due to three-nucleon correlations, in which one fast nucleon is balanced by two spectator nucleons with rather small invariant mass, 2m N ≤ m S 1.9 GeV. Momenta of all three nucleons, however, exceed the characteristic Fermi momentum of the nucleus k F ∼ 250 MeV/c. We referred such correlations as type 3N-I SRCs.
We explain that due to the specific nature of the high momentum components of the nuclear wave functions, the momentum of the fast nucleon is not the optimal variable for the analysis since it does not allow the separation of 2N and 3N SRCs. In this respect the light-cone momentum fraction of 3N-SRC carried by the interacting nucleon, α 3N is more suitable and existing phenomenology indicates that the onset of the 3N-SRC dominance is expected at α 3N > 1.6. We derived the expression for α 3N for inclusive A(e, e )X processes and demonstrated that the α 3N 1.6 condition puts a strong constraint on Q 2 of the reaction -requiring Q 2 3 GeV 2 . Under these conditions we expect that the dominance of 3N-SRCs will lead to a plateau for per-nucleon inclusive cross section ratios of heavy to light nuclei. This will be in addition to the plateau observed in the 2N-SRC region.
Furthermore, based on the pn dominance in 2N-SRCs we predict that 3N-SRCs are generated through two successive pn short range interactions. Within such scenario we derived a quadratic relation between per nucleon ratios of nuclear and 3 He inclusive cross sections measured in the 2N-(R 2 ) and 3N-(R 3 ) SRC regions: R 3 ≈ R 2 2 . We analyzed the existing inclusive data under the above conditions and found an indication for the onset of the plateau at α 3N > 1.6. It is very intriguing that the magnitude of the plateau, R 3 is in agreement with predicted R 3 ≈ R The forthcoming experiments at Jefferson Lab will be able to significantly improve current experimental situation. One important condition is that such experiments will be able to cover a larger Q 2 region. As Fig. 17 shows an increase of Q 2 will significantly widen the range of the α 3N accessible by the experiment. It is worth mentioning that at Q 2 5 (GeV/c) 2 one will be able to cross the α 3N ≥ 2 region where one expect maximal contribution due to 3N SRCs.
It is with anticipation that we await the running and analysis of Jefferson Lab's E1206-105 [49] experiment which has multiple goals: to measure cross sections 1) from light nuclei to compare to ab-initio calcuations and to study FSI, 2) from nuclei at low and moderate Q 2 with a range of p − n asymmetries in order to look for isospin dependence in the per-nucleon ratios, 3) at moderate Q 2 and large x to search for definitive evidence to 3N SRCs and finally 4) at very large Q 2 to look for the transition from quasielastic to deep inelastic scattering from nuclei as part of an effort to extract nuclear parton distribution functions at x > 1.
The drawn lines in Fig. 17 indicate the tentative range in Q 2 and α 3N which will be part of the goal of this experiment in studying 3N SRCs.
